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Abstract. Well established correlations of low-mass flows show a conti-
nuity in the high-mass regime, and mean accretion rates for L > 1000 L⊙
are M˙accr ∼ 10
−4 M⊙ yr
−1. We also present a tight correlation between
outflow masses and core masses, which implies that the accretion rate is
to first order a linear function of the core mass. All those results support
the idea that similar physical processes drive outflows of all masses.
1. Introduction
With the aim to understand the role of massive outflows in high-mass star for-
mation, we mapped 26 massive star formation regions in CO(2–1) with a spatial
resolution of 11′′. A detailed analysis of the data is presented by Beuther et al.
(subm. to A&A). Here we are just outlining the major statistical results of the
study.
2. Main results
In 21 of the observed sources show bipolar structure, they are very massive
and energetic and show higher collimation factors than previous studies. Mean
outflow parameters are:
mass 50 [M⊙] M˙out 7.5 × 10
−4 [M⊙ yr
−1]
momentum 2200 [M⊙ km s
−1] mech. force 0.04 [M⊙ km
2 s−2 yr−1]
energy 6000 [M⊙ km
2 s−2] col. factor 2.1
time 70000 [yr]
Fig. 1 presents comparisons of different quantities within our sample to previous
studies in the low- and high-mass regime. Fig. 1(a) shows that previously de-
termined correlations in the low-mass regime between the mechanical force FCO
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and the core mass Mcore seem to be valid for massive star formation regions as
well. We consider this as support for similar physical processes driving outflows
of all masses.
Figure 1. (a) mechanical force versus core mass, (b) mass entrain-
ment rate versus luminosity and (c) outflow mass versus core mass.
The circles show the sources with known distance, and the full and
open triangle represent sources with far and near distance, respectively.
The pentagons show data from Bontemps et al. (1996), the asterisks
data from Cabrit & Bertout (1992), and the squares are compiled by
Churchwell (2000). The dashed line in (b) is the fit taken from Shep-
herd & Churchwell (1996).
It looks different in Fig 1(b), where we plot the mass entrainment rate versus
the luminosity. Obviously, at the high-mass end those data are not correlated.
While outflows in low-mass regions can be identified usually with one protostar,
massive stars form in clusters, and the resolution is not sufficient to resolve the
driving sources exactly. Thus, possibly the flows are driven from one of the
youngest sources whereas the main part of luminosity might stem from a more
evolved source, which could already have reached the main sequence. But so far
this is speculation and has to be investigated at higher resolution in detail. Our
data indicate high mean accretion rates M˙accr ∼ 10
−4 M⊙ yr
−1 for L > 1000 L⊙
in a few cases larger than 10−3 M⊙ yr
−1.
Furthermore, we see a tight correlation between the mass of the molecular
outflow and the core mass (Fig. 1(c)). The ratio of both quantities is rather
constant with a mean of 0.04. As outlined in Beuther et al. (submitted to
A&A) this correlation implies that the product of the accretion efficiency facc =
M˙acc/(Mcore/tff) and the deflection efficiency fr = M˙jet/M˙acc is about constant
for all star forming regions, and the accretion rate is an approximately linear
function of the core mass: M˙acc =
facc
tff
Mcore = 7 · 10
−8
×Mcore [M⊙ yr
−1].
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